An account is given of the geographical distribution and habitats of Melanoides tuberculata (Müller, 1774) and M. victoriae (Dohrn, 1865) as reflected by the samples on record in the database of the National Freshwater Snail Collection (NFSC) of South Africa. About 30 species of Melanoides occur in Africa of which only M. tuberculata is widespread. Melanoides tuberculata is also indigenous to India and the south-east Asian mainland to northern Australia and was widespread in the present-day Sahara during the late Pleistocene-Holocene, but M. victoriae seems to be restricted to Southern Africa. Details of the habitats on record for each species, as well as mean altitude and mean annual air temperature and rainfall for each locality, were processed to determine chi-square and effect-size values. An integrated decision-tree analysis indicated that temperature, altitude and type of substratum were the most important factors of those investigated that played a significant role in establishing the geographical distribution of these species in South Africa. In view of the fact that M. tuberculata can serve as intermediate host for a number of trematode species elsewhere in the world, it is recommended that the ability of the 2 local Melanoides species to act as intermediate hosts should be investigated. Due to the fact that the majority of sites from which these species were recovered were not since revisited, it is recommended that efforts should be made to update their geographical distribution and the results compared with the data in the database. The conservation status of these 2 species and the possible influence of global warming and climatic changes on their geographical distribution are briefly discussed.
Introduction
The genus Melanoides is evidently restricted to the Old World tropics (Pilsbry and Bequaert, 1927) and about 30 species occur in Africa of which only M. tuberculata (Müller, 1774 ) is widespread (Brown, 1994) . Melanoides tuberculata was described from the Coromandel coast of India in 1774 and its present-day distribution is the Indo-Pacific region, Southern Asia, Arabia, northern Australia, Near East and much of Africa (Appleton, 2002) and was also introduced into the Caribbean area (Brown, 1994) . With regard to South Africa, only 2 species, namely M. tuberculata and M. victoriae (Dohrn, 1865) have been reported of which the former is the most widespread according to the records of the National Freshwater Snail Collection (NFSC). While M. tuberculata was also widespread in the present-day Sahara (Van Damme, 1984) M. victoriae seems to be restricted to Southern Africa (Brown, 1994; Appleton, 2002) .
Melanoides tuberculata has proved to be a compatible intermediate host for several trematode species elsewhere in the world and shedding of cercariae of a number of trematode families has also been recorded for this snail species elsewhere in Africa (Frandsen and Christensen, 1984) . It has become invasive after its introduction into new territories such as Martinique Island (Pointier, 2001) and Brazil (Rocha-Miranda and Martins-Silva, 2006) but also proved to be an efficient and sustainable bio-control agent of Biomphalaria glabrata (Say, 1818) the intermediate host snail of the intestinal schistosome parasite in these areas. This paper focuses on the geographical distribution and habitat preferences of M. tuberculata and M. victoriae as reflected by the data in the database of the NFSC. In view of the fact that the records in the NFSC span a period of several decades the possible influence of global warming and climatic changes on the geographical distribution of these species in South Africa and their conservation status is briefly discussed.
Methods
Data from 1956 to the present (2009) on the geographical distribution and habitats of M. tuberculata and M. victoriae as recorded at the time of the survey were extracted from the NFSC database. Only those samples that could be located on a 1:250 000 topo-cadastral map series of South Africa were included in the analyses. The majority of these samples were collected during surveys conducted by government and local health authority staff, as well as staff of the former Snail Research Unit at the Potchefstroom University (now the NorthWest University). The number of loci ( 1 / 16 degree squares) in which the collection sites were located, was distributed 714 in intervals of mean annual air temperature and rainfall, as well as intervals of mean altitude to illustrate the frequency of occurrence of these species in water-bodies falling within specific intervals. Rainfall, temperature and altitude data were obtained in 2001 from the Computing Centre for Water Research (CCWR), University of KwaZulu-Natal (disbanded since). All mollusc species in the database were ranked in order of their association with low to high climatic temperatures according to a temperature index calculated from their frequencies of occurrence within selected temperature intervals. The method of calculation is dealt with in detail in our earlier publications (De Kock and Wolmarans, 2005a; . To determine the significance in differences between frequency of occurrence in, on, or at the range of options for each factor investigated, chi-square values (Statistica, Release 7, Nonparametrics, 2X2 Tables, McNemar, Fischer exact) were calculated. An effect size was also calculated (Cohen, 1977) for each parameter investigated to evaluate the importance of its contribution towards establishing the geographical distribution of this species as reflected by the samples in the NFSC database. The method of calculation is explained with reference to the 14 different water-body types represented in the database. The first step is to determine the total number of times each water-body type, for instance rivers (7 507), was reported for all the different mollusc species in the database and then to sum the total number of records of all the waterbodies reported for all the species in the database (28 956). To determine the p value for each of the different water-body types, for instance for rivers as such, the frequency of occurrence of all species in rivers (7 507) is divided by the total number of times (28 956) all the water-bodies were recorded in the database. The total number of times a specific mollusc species was reported from all 14 water-bodies together is then summed (this figure for M. tuberculata, for instance, was 228). The number of times a specific species was reported from a specific water-body type is then designated as 'A'. To determine a value designated as 'B' the number of times a specific species was reported from a specific water-body, for instance rivers (79), is multiplied by the p value calculated for rivers (0.259). This is done for all the different water-body types from which this specific species was reported. Chi-square values (x 2 ) for each type of water-body are then calculated as follows:
The chi-square values calculated for all the different waterbody types are then summed and the effect size (w) for waterbodies as such is then calculated as follows: square root of Σx 2 divided by ΣA. Values for this index in the order of 0.1 and 0.3 indicate small and moderate effects respectively, while values of 0.5 and higher point to practically significant and large effects (Cohen, 1977) . More details of the significance and interpretation of specific values calculated for this statistic in a given situation, are discussed in our earlier publications (De Kock and Wolmarans, 2005a; .
A decision tree which is a multivariate analysis (Breiman et al., 1984) was also constructed from the data which enables the selection and ranking of those parameters that played the most important role in establishing the documented geographical distribution of these species, based on the data in the database. The frequencies of occurrence within the different options for a specific parameter which do not differ significantly from one another, are grouped together in the decision-tree analysis. If, for instance, the frequency of occurrence in rivers does not differ significantly from that in streams, these 2 options for water-bodies are grouped together in the decision tree analysis. In addition, the total number of times any other mollusc species in the database was recorded under a specific condition is also displayed in the results of the decision tree analysis. This analysis was done with the SAS Enterprise Miner for Windows NT Release 4.0, April 19, 2000 programme and Decision Tree Modelling Course Notes (Potts, 1999) .
Results
The collection sites of the 305 samples of M. tuberculata fell within 85 and the 53 sites of M. victoriae within 21 different loci (Fig. 1) . The former species was recovered from 12 of the 14 water-body types represented in the database while the latter species were found in only 6 (Table 1) . Although the majority of samples of both species were recovered from rivers the highest percentage occurrence (5.9%) in the total number of collections in a specific water-body for M. tuberculata (0.9%) was realised in channels and that for M. victoriae in concrete dams (Table 1 ). An effect-size value of larger than 0.5 was calculated for both species for water-bodies as such (Table 1 ). The majority of samples of both species were recovered from waterbodies described as perennial, with clear, freshwater (Table 2) . While the largest number of samples of M. tuberculata came from habitats with standing water, M. victoriae was more frequently collected in slow running water and a relatively large effect size was calculated for this parameter ( Table 2) .
The majority of samples of M. tuberculata was recovered from water-bodies of which the substratum was described as either muddy or sandy while equal numbers of samples of M. victoriae were collected on stony and sandy substrata (Table 3) . A large effect size (w = 0.5) was calculated for substratum types for both species (Table 3) .
With regard to the frequency of occurrence within the different temperature intervals, the highest percentage of samples of M. victoriae was recorded from the 16°C to 20°C interval, while habitats falling within the 21°C to 25°C interval yielded the highest number of samples of M. tuberculata (Table 4 ). There was, 715 however, no significant difference (p < 0.05) between the frequency of occurrence of M. victoriae in habitats falling within the 16°C to 20°C and 21°C to 25°C intervals. The temperature indexes calculated for all the species in the database and statistical analysis of the data are presented in Table 5 . More than 80% of the samples of both species were collected in sites which fell within the 2 rainfall intervals ranging from 301 to 900 mm (Table 4) . While the largest number of samples of M. tuberculata was collected in sites which fell within the 0 to 500 m altitude interval, the majority of samples of M. victoriae came from sites which fell within the 501 to 1 000 m interval (Table 4 ). There was, however, no significant difference (p < 0.05) between the frequency of occurrence of M. victoriae in habitats falling within the 0 to 500 and the 501 to 1 000 m intervals. The results of the decision tree analyses for M. tuberculata and M. victoriae are depicted in Figs. 2 and 3 respectively.
Discussion
The 85 loci from which the 305 samples of M. tuberculata were recovered, display a continuous distribution all along the eastern border of South Africa from Limpopo Province down to the southern border of KwaZulu-Natal Province (Fig. 1) . It is discontinuously spread through the north-western part of Limpopo and 
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According to Brown (1994) the southern limit of the distribution of M. tuberculata in the eastern part of South Africa lies near Port Elizabeth. However, despite the fact that we have many records of other freshwater mollusc species in the database of which the southern limits of distribution extend even further than Port Elizabeth (De Kock et al., 1989; De Kock et al., 2001; De Kock et al., 2002a; De Kock and Wolmarans, 2004b; De Kock and Wolmarans, 2005c; De Kock and Wolmarans, 2007) , we have none for this species extending further southwards than the southern border of KwaZulu-Natal. Twelve of the 21 loci on record for M. victoriae are shared with M. tuberculata; however, it is not as widespread as the latter species (Fig. 1) . Appleton (2002) mentions that M. victoriae is not known from KwaZulu-Natal; however, we have 4 samples on record from this Province collected during 1965 and 1966 which is now reported for the first time.
The fact that M. tuberculata was recovered from 12 of the 14 water-body types represented in the database (Table 1) confirms the report by Brown (1994) that it can utilise various permanent water-bodies including rivers, shallow seepages and man-made habitats. In contrast to this, M. victoriae was reported from only 6 different water-body types and obviously seemed to prefer perennial rivers (Tables 1 and 2 ) which is the only water-body type mentioned for this particular species for the Mpumalanga Lowveld by Brown (1994) . The 5 samples on record for M. tuberculata from habitats with brackish water also support the report by Brown (1994) that this species is tolerant of moderate brackishness in coastal localities. According to this author M. tuberculata is not found in temporary waters; however, we have 14 samples on record in the database reported from seasonal habitats for this species and also 1 sample of M. victoriae from a temporary habitat (Table 2) . Although more samples of M. tuberculata were reported from water-bodies with standing water than with slow running water (Table 2) no significant differences could be indicated between these alternatives. In contrast more samples of M. victoriae were recovered from water-bodies with slow running water than with standing water (Table 2 ) and in this instance a significant difference (p< 0.05) could be indicated. From the effect values calculated for water velocity it is evident, however, that this factor played a much more important role in determining the presence, or not, of M. victoriae in a specific water-body. The majority of samples of both species were reported from water-bodies with water described as clear (Table 2 ) but no significant differences were found between their occurrence in habitats with clear or muddy water and the effect sizes calculated for this parameter also indicated that turbidity did not play an important role in determining the suitability of a given water-body.
Nearly 78% of the samples of M. tuberculata were recovered from loci which fell within the temperature interval ranging from 21˚C to 25°C while the interval ranging from 16˚C to 20˚C yielded the largest number of samples of M. victoriae (Table 4) . These results are supported by the temperature indexes calculated for these 2 species which indicated that the former species not only seemed more closely associated with warmer climatic temperatures but the effect sizes calculated for these indexes also showed that it differed significantly (d > 0.5) from M. victoriae in this respect (Table 5) . Although only 4 samples of M. tuberculata were recovered from sites which fell within the temperature interval ranging between 26˚C and 30˚C it represented 10.8% of the total number of collections of all molluscs in the database from sites falling within this specific temperature interval (Table 4 and Fig. 2 ). This also points to a relatively close association with higher climatic temperatures.
From the effect-size values calculated for the various parameters investigated (Tables 1 to 4 ) it can be deduced that temperature, altitude, substratum and water-bodies, played an important role in establishing the geographical distribution of both species as reflected by the data in the database of the NFSC. This deduction is supported by the results of the decision tree analyses (Figs. 2 and 3 ) which selected temperature, altitude and substratum as the most important factors which 719 had significantly influenced the geographical distribution of both species. From the decision tree analyses it can further be seen that a substratum consisting of mainly decomposing material played a significant role in the habitats from which samples of M. tuberculata were recovered (Fig. 2) . With regard to their habitat preferences it can be concluded that both species seemed to prefer perennial rivers in areas which fell within the temperature intervals ranging from 16˚C to 25°C and altitude intervals ranging from 500 to 1 500m a.m.s.l. However, the results in Table 1 suggest that M. victoriae is considerably more stenoecious than M. tuberculata. Current velocity in a water-body and mean yearly rainfall also seemed to play a significant role in the presence or not of the former species in a specific area (Tables 2 and 4) .
As mentioned earlier M. tuberculata has become invasive after introduction into new areas such as Martinique Island (Pointier, 2001) and Brazil (Rocha-Miranda and Martins-Silva, 2006) but fortunately in both these cases it proved to be an efficient and sustainable control agent of intermediate host snails responsible for the transmission of schistosomiasis to humans. Apparently this is not the case in South Africa because we have a number of samples on record in the database of the NFSC, amongst others from the Kruger National Park, where persistent populations of both the local schistosome intermediate host snail species and populations of M. tubercuata have co-existed in the same water-body through several decades.
Although numerous cases of M. tuberculata becoming a nuisance species in tropical fish aquaria have been reported in literature, we are not aware of any case recorded in literature of this species causing problems in natural water-bodies in South Africa. According to Appleton (2002) , however, it has become plentiful in rice paddies in KwaZulu-Natal and we were recently approached for advice on a case where M. tuberculata had proliferated to such an extent after invading the heat exchanger of an electric power-plant that it caused complete clogging of the filters, resulting in malfunctioning of the entire system.
Countrywide surveys for freshwater molluscs was terminated during the early 1980s and on account of the fact that many of the positive sites were not revisited, comments on the conservation status of our mollusc fauna should be made with circumspection. However, Melanoides localities reported from the Kruger National Park by Oberholzer and Van Eeden (1967) have since been revisited in surveys conducted by ourselves in 1995 (De Kock and Wolmarans, 1998 ), 2001 (De Kock et al., 2002b (Wolmarans and De Kock, 2006 ) and a marked decline in positive localities, as well as in population size, were evident for both species. Whereas Oberholzer and Van Eeden (1967) reported 34 and 20 positive sites for M. tuberculata and M. victoriae respectively, only 4 sites and 1 site for these species, respectively, were found positive during our extensive survey in 2006. The only prosobranch snail that was encountered in large numbers in some of the sites during our 2006 survey was the exotic invader species Tarebia granifera which was reported for the first time in Africa by Appleton and Nadasan (2002) . According to Pointier and McCullough (1989) this species has demonstrated its capacity to invade and rapidly colonize a wide range of water-body types on numerous islands and countries in the Neotropical area and succeeded in reducing and even eliminating populations of other mollusc species. Whether the invasion of water-bodies in the Kruger National Park by this exotic species could have a bearing on the observed decline in positive sites of both Melanoides spp. needs further investigation.
From the literature it is clear that M. tuberculata can serve as intermediate host for several trematode species which can be harmful to a number of vertebrate species, including man. These include amongst others, Clonorchis sinensis, the Oriental liverfluke (Lun et al., 2005) and Philopthalmus gralli, a trematode infecting the eyes of bird species but also reported infecting humans (Díaz et al. 2002) . Melanoides tuberculata was also proved to be a compatible intermediate hosts for Gastrodiscus aegyptiacus, the fluke responsible for gastrodiscosis in equine populations in Zimbabwe (Mukaratirwa et al., 2004) and Calicophoron microbothrium another trematode fluke of veterinary importance in that country (Chingwena et al., 2002) . Furthermore, specimens of M. tuberculata infected with larval stages of economically important intestinal flukes of the family Heterophyidae were reported from the Rio de Janeiro metropolitan area, Brazil (Bogéa et al., 2005) . Melanoides tuberculata was also reported from Australia as the intermediate host of the trematode, Transotrema licinum an ectoparasite of several fish species (Manter, 1970) and evidence was also put forward by Frandsen and Christensen (1984) that M. tuberculata could be an important intermediate host for several fluke species. Shedding of non-schistosome cercariae was also reported for M. tuberculata from the Msambweni area, Coast Province, Kenya (Kariuki et al., 2004) .
Due to the fact that M. tuberculata is relatively easy to cultivate and maintain in the laboratory, it has been utilised locally as bio-indicator to assess biological effects of diffuse sources of pollutants in a wetland system (Wepener et al., 2005) and in comparative studies in the laboratory on the uptake and effects of heavy metals on cellular energy and allocation (Moolman et al., 2007) . Studies on the life cycle and growth of M. tuberculata were also conducted in a natural habitat in Mpumalanga (Appleton, 1974) . To our knowledge, however, the capacity of representatives of the 2 local Melanoides species to serve as intermediate hosts for parasitic flukes has not yet been investigated. However, after eggs resembling those of Paragonimus kellicotti, a lung fluke infecting cats and dogs, were reported from humans and cats in KwaZulu-Natal (Proctor and Gregory, 1974) , circumstantial evidence implicated M. tuberculata as the intermediate host because it was the only prosobranch snail that could be found in the area at that stage.
In view of the important role played by M. tuberculata in the epidemiology of a number of trematode species of medical and veterinary importance elsewhere in the world, it is recommended that the ability to act as intermediate hosts for economically important trematode flukes of both the Melanoides species occurring in South Africa should be investigated. At the same time efforts should be made to update the geographical distribution of both species and to compare the results with existing records in the database of the NFSC to evaluate their conservation status. The ability of M. tuberculata to aestivate was listed as a poor by Brown (1994) and the fact that perennial rivers seemed to be the water-body of preference for both species could be a disadvantage for their long-term survival. Increased evaporation of surface water due to global warming could have a detrimental effect on the permanency of such water-bodies and suitable habitats could become less available which in turn could impact negatively on their geographical distribution and conservation status in this country. As mentioned earlier M. victoriae seemed to be considerably more stenoecious than M. tuberculata and therefore more prone to be affected by changes in environmental conditions. Taking into account the relatively limited geographical distribution reported for M. victoriae and the results of our recent surveys in the Kruger National Park, the conservation status of this species could justifiably be considered as vulnerable.
